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COMPOSITE FIBER FOR ABSORPTIVE MATERIAL WITH 

SENSOR 

CROSS-REFERENCES TO RELATED APPLICATIONS 

5 This application claims priority from and is a continuation-in-part of co- 

pending U.S. Patent Application 09/532,613 filed March 22, 2000, which itself claims 
priority from U.S. Provisional Patent Application 60/125,677 filed March 22, 1999, the 
disclosure of which is incorporated herein in its entirety for all purposes. 

BACKGROUND OF THE INVENTION 
10 The present invention relates generally to absorptive materials, and more 

particularly to construction of an absorbent composite fiber having an enhanced fluid 
absorptive and retentive capability as well as relating to use of the absorbent composite 
fiber for absorbent article constructions such as diapers, pads, surgical dressings and like 
articles. 

15 The field of absorbent products has seen continual improvement over the 

years, realizing absorbent materials and products made from those materials with 
improved containment. Prior technologies have generally used a shared relationship 
between the thickness of an absorbent article and the absorbent capacity of that article. 
For example, thickening the material of an article in order to increase its absorbency can 

20 result in a concomitant reduction in comfort when the article is worn. Solutions to 

problems at the interface between absorbency and comfort have included a reduction in 
the thickness of the material used, but often with an accompanying reduction of 
absorbency; alternatively, greater absorbency (and retention) is achieved at the cost of 
thicker, bulkier constructions. Thus, even though tremendous improvements have been 

25 made over the years in this field, offering materials with greater absorbency and improved 
coatings, personal use absorbent article constructions have nonetheless continued to be 
relatively thick and, therefore, somewhat uncomfortable when used. The addition of bulk 
to enhance absorbency for some absorbent constructions, such as adult briefs for bladder- 
bowel control (i.e., adult diapers), can interfere with normal clothing, and can be a cause 

30 of embarrassment. Too, although the fluid retentive abilities of such constructions can be 
quite good, their odor retention capabilities can be lacking, again creating a possible 
social embarrassment - particularly for older adults. 
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Adults, being more sensitive to the social issues associated with odors, 
appreciate the confidence of being able to go into a workplace, or a social situation, or 
engage in an athletic activity, without fear of leakage, or odor escapement, and with 
longer periods of time between changes. 
5 Prior technologies also generally do not monitor the moisture levels in 

absorbent materials. Thus, when an absorbent material has reached its maximum 
absorbency, discomfort, leakage or odor escapement can result. These disadvantages can 
occur in certain instances. One example is in infant diaper use where the infant cannot 
verbally communicate the diaper's moisture level. As another example, an article of 
10 clothing can absorb high moisture levels and begin to emit attendant odors without the 
user being aware. Accordingly, it would be desirable to address one or more of the 
aforementioned problems. 

The present invention provides an improvement over the current 
technology in addressing many of these concerns. 

1 5 SUMMARY OF THE INVENTION 

The present invention is first directed to an absorbent fiber having both 
hydrophilic and hydrophobic qualities. Embodiments of the invention utilize the 
absorbent fiber for the construction of various articles with enhanced absorptive abilities 
and retention of both liquid and attendant odors. 

20 Broadly, one aspect of the present invention is directed to an absorbent 

fiber constructed to absorb and entrain a liquid by capillary action. In addition to 
absorption and retention of the liquid, the capillary action afforded by the absorbent fiber 
functions to retain odors that may be associated with the absorbed liquid. In one 
embodiment of this aspect of the invention the fiber is constructed from a liquid 

25 impervious material, such as plastic, rubber, or other like material, forming an elongate, 
hollow tube. The fiber is dimensioned to permit the operation of capillary action for 
liquid recovery and retention. In one embodiment of the invention, the absorbent fiber is 
a composite construction in which the interior of the fiber includes an absorbent, 
hydrophilic material to enhance absorbency and retention of both liquids and odors. In 

30 addition, the material of such a composite absorbent fiber may be of a type that can 

crystallize or otherwise harden when wet in a manner that permits such material furthest 
from the fiber's point of absorption will harden or crystallize first to thereby seal and 
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contain the absorbed liquid. Alternatively, other materials may be included in the interior 
of the fiber to add a thinning property to the liquid being absorbed to enhance absorption. 

In another embodiment of the invention, the composite construction of the 
absorbent fiber may constructed by using a woven fabric or material to form the tube-like 
5 exterior of the fiber for housing one or another of the absorbent materials. The weave can 
be chosen to adjust the rate of liquid absorption and retention. 

The absorbent fiber of the present invention lends itself to being combined, 
or including, various monitoring devices so that, therefore, further embodiments of the 
have included in the interior of the absorbent fiber sensor devices capable of providing an 

10 indication of the amount of liquid absorbed, and/or when the article employing the fiber is 
reaching its absorbent capacity. 

Further, the absorbent fiber of the present invention finds particular 
advantage when used as a liquid communicative bridge or connector between a site of 
absorption and a reservoir for liquids collected at the absorption site. Accordingly, the 

1 5 absorbent fiber of the present invention may connect to reservoirs formed as pads that can 
be strapped to or otherwise inconspicuously be carries by the user, or to a colostomy bag. 
Also, the reservoir may be formed as an article that can be worn, such as an undershirt. 
Further still, the reservoir can be permanently affixed to the absorptive element, or 
removably connected so that the reservoir can be removed and replaced with another 

20 reservoir when the first has reached its storage capacity. 

The absorbent fibers of any of the aspects of the invention may be used 
alone, or in combination with other fibers, and is particularly adapted to the construction 
of such articles as disposable diapers, incontinence pads, sanitary napkins, tampons, 
headbands, absorbent vests, panty liners, underpants, undershirts, sweatshirts, socks, or 

25 any other garment or articles requiring absorption and containment of bodily or other 

fluids. And, when so used, the fibers may be apertured along their lengths to permit the 
admission of liquids. Absorbent fibers of the present invention so apertured can be 
included in an article that can advantageously placed only at the source of the liquid or 
bodily fluid to be absorbed without fear that the absorbed liquid may leak from other 

30 portions of the fiber. 

There are a number of advantages achieved by the present invention. An 
article using the absorbent fiber of the present invention can provide an absorbing ability 
without the bulk or odor of prior devices and articles. The retention of absorbed liquid by 
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capillary action in a liquid impervious tube will ensure that the liquid and its attendant 
odor cannot escape. 

The tubular construction of the either the hollow or composite fiber allow 
for the implantation of a liquid-responsive material in the tube of the absorbent fiber to 
5 initiate action in the presence of the absorbed liquid such as triggering the release of anti- 
allergens, or anti-bacterial, or the like. 

Further, absorption by capillary action permits products to be constructed 
greater absorbing capacity than heretofore available. The use of capillary action provides 
the ability to transport absorbed liquids to locations remote from the source of the liquid 

10 being absorbed, greatly extending the life between changes of absorbent products. Thus, 
such products as tampons, diapers, colostomy bags, and the like, when made from the 
composite absorbent fiber of the present invention, can be worn or used longer before 
removed and/or replaced. 

A moisture monitoring device can be included in the absorbent fiber of the 

1 5 present invention to detect a designated moisture level in the absorbent fiber. The 

moisture monitoring device includes a sensing device for detecting moisture absorbed by 
the absorbent fiber; and an alert device for receiving indication signals from the sensor 
device when the sensor detects a specified moisture level in the absorbent fiber. Upon 
receiving an indication signal, the alert device issues an audible sound, for example, to 

20 notify the user. The monitoring device of the present invention can be formed within a 
microchip for inclusion in a wide variety of applications. For example, this microchip 
can be included in smart bandages, tampons, diapers, articles of clothing and other 
applications. 

These and other objects and advantages of the present invention will 
25 become apparent to those or ordinary skill in this art upon a reading of the following 
detailed description of the invention, which should be taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 Fig. 1 is an illustration of an absorbent fiber constructed according to the 

teachings of the present invention; 
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Figs. 2A-2H are alternate constructions of the absorbent fiber of Fig. 1, 
illustrating the construction of a composite fiber according to the teachings of the present 
invention; 

Figs. 3 A and 3B illustrate an absorbent article constructed using the 
5 teachings of the present invention; 

Figs 4A-4B, 5 A-5B, and 6A-6B illustrate an absorbent diaper construction 
using the teachings of the present invention; 

Fig. 7A-7D illustrate using an absorbent fiber according to the teachings of 
the present invention in a sanitary napkin or diaper construction; 
10 Figs 8 A and 8B show embodiments of the invention employed to absorb 

perspiration; 

Figs. 9A and 9B illustrate the composite absorbent fibers of the present 
invention to form a reservoir that can extend the absorbent capability of various absorbent 
articles; 

15 Figs. 10-22 illustrate use of the invention in various tampon constructions; 

Figs. 23 A and 23B illustrate still further embodiments of the composite 
absorbent fiber of the present invention; 

Fig. 24 illustrates use of a sensor or like device to monitor absorption of an 
absorbent fiber constructed according to the teachings of the present invention; 
20 Fig. 25 shows a monitoring system for notifying users when a designated 

moisture level is detected in accordance with an exemplary embodiment of the present 
invention; 

Fig. 26 illustrates an alternate embodiment of the monitoring system of 

Fig. 25. 

25 Fig. 27 illustrates an alternate embodiment of the monitoring system of 

Fig. 25. 

Fig. 28 illustrates placement of a monitoring system in an absorbent fiber 
according to an embodiment of the present invention. 

Fig. 29A is a first illustration of the use of a capillary material to detect 

30 liquid. 

Fig. 29B is a second illustration of the use of a capillary material to detect 

liquid. 

Figs. 29C is a third illustration of the use of a capillary material to detect 

liquid. 



Fig. 30A is a first illustration of another approach to indicating the 
characteristics of a liquid in the present invention. 

Fig. 30B is a second illustration of another approach to indicating the 
characteristics of a liquid in the present invention. 
5 Fig. 30C is a third illustration of another approach to indicating the 

characteristics of a liquid in the present invention. 

Fig. 31 A is a first illustration of the use of receptor molecules attached to a 
surface of a fiber. 

Fig. 3 IB is a second illustration of the use of receptor molecules attached 
10 to a surface of a fiber. 

Fig. 31C is a third illustration of the use of receptor molecules attached to 
a surface of a fiber. 

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

Turning now to the figures, and for the moment specifically Fig. 1, there is 

15 illustrated a basic construction of an absorbent fiber according to the present invention. 
As shown, the absorbent fiber, designated generally with the reference numeral 10, is in 
the form of a hollow tube fabricated to have an impervious, hydrophobic or nonabsorbent 
tube-like exterior 12 and dimensioned to provide a hydrophilic or absorbing interior 14. 
The absorbent fiber 10 is preferably constructed and dimensioned so that the interior 14 is 

20 made hydrophilic through capillary action, and may be constructed of a plastic, rubber, or 
other liquid impervious and material. Also, it is preferable, although not necessary, 
depending upon use of the absorbent fiber 10, that is be constructed to have some 
flexibility- 

The absorbent fiber 10 may be used in conjunction with conventional 
25 fibers (e.g., cotton, nylon, wool, and the like) for the construction of an absorbent article, 
i.e., an absorbent pad, a diaper product, a sanitary napkin, or an article of clothing. The 
absorbent fibers 10 will have opening, such as the ends 16a, 16b, located in the absorbent 
article so that when placed to absorb liquids, such as bodily fluids of one type or another, 
the apertures are located at or near the source of the fluid. Alternatively, the fiber 10 may 
30 be apertured at locations along its length such as indicated in phantom at 18 for 

permitting the ingress of fluid to the fiber 10. Because of the capillary action, ingress is 
enhanced, as is the retention and containment of the fluid absorbed by the fiber 10 while 
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minimizing annoying wetness to the wearer. This is an important advantage of the 
invention, and is due, at least in part, to the liquid impervious construction of the fiber 10. 

Figs. 2A-2H various alternate embodiments of the absorbent fiber 10 of 
the present invention, forming various composite absorbent fibers. Certain of the 
5 absorbent and composite constructions illustrated in Figs. 2A-2H use the same absorbent 
fiber 10 construction illustrated in Fig. 1 and will, therefore, use the same reference 
numerals. Fig. 2A shows, for example, an absorbent fiber 10a using a hydrophobic tube 
with an absorbent filler 20a contained in the interior 14. The filler 20a could be strands of 
cotton fiber, wool fiber, or other material For example, Fig. 2B shows an absorbent fiber 

10 10b with a filler 20b in the form of a fibrillar glass fiber. Alternatively, as illustrated in 

Fig. 2C, a composite absorbent fiber 10c is shown containing a filler 20c contained within 
the interior 14 can be porous granules of one type or another such as AI2O3, Si0 2 , coal 
powder, or other porous materials utilized as catalysts support. Similarly, Fig 2D shows a 
composite absorbent fiber lOd containing a filler 20d in the form of granular substance 

1 5 such as a hydrophilic "sand" which may be a glass powder or a like material that is much 
finer than the larger, porous granules 20c shown in Fig. 2C. 

Fig. 2E shows a somewhat different construction for an absorbent fiber 
according to the present invention. Here, the absorbent fiber, identified in Fig. 2E as 
absorbent fiber lOe, is a tubular construction formed by a weave of preferably 

20 hydrophobic or nonabsorbent threads 12e which may be hydrophobic plastics, 

polyethylene, or the like. A composite structure is created by providing the interior 14e 
with absorbent filler material 20e, which can be any of those described above. Ingress to 
the interior 14e of the composite absorbent fiber lOe may be provided through the weave 
pattern, depending upon the tightness of the weave, which permits such the ingress to be 

25 adjusted according to how loose or how tight the weave is. Leakage out of fiber lOe can 
start only after of internal absorbent becomes saturated, making the capacity of fiber lOe 
limited. 

In Fig. 2F, a composite absorbent fiber 1 Of uses the hydrophobic tube 12 
filled with a number of smaller absorbent, hollow fibers as filler 20f to form the 
30 composite structure. In addition, the composite absorbent fiber lOf is shown in Fig. 2F 
with thread 24 wrapping the filler 20f. The thread 24 may be such material as cotton or 
other soft fabric, to enhance the softness of the composite construction, and thereby raise 
its comfort when used in an absorbent article. Further, the composite absorbent fiber 
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shown in Fig. 2F may alternatively contain any of the fillers 20 described above in 
conjunction with Figs. 2A-2D rather than the smaller absorbent fibers 20f. 

Fig. 2G illustrates a still further construction of an absorbent fiber 
according to the present invention. As Fig. 2G shows, a composite absorbent fiber lOg is 
5 formed using only the absorbent threads 20a, used in the composite construction of Fig. 
2A, wrapped and held together by thread 24' in much the same manner as shown in Fig. 
2F. Thereby, a composite absorbent fiber lOg is created. As described above, the filler 
threads 20a can be cotton, wool, or even nylon fibers, or fibers formed from other 
materials whether man-made or natural. The thread 24' used to form the absorbent fiber 

10 lOg similarly may be any material, but since the thread 24 f is to provide a comfort aspect 
to the composite fiber 10", the thread 24 preferably is a soft material. 

Finally, in Fig. 2H there is illustrated a composite fiber lOh constructed to 
include the absorbent threads 20a with an elongate half section tube 12h forming a kind 
of trough to hold the absorbent threads 20a. The thread 24 wraps the absorbent threads 

15 20a to hold them in the concave area of half-tube 12h as shown in Fig. 2H. 

Turning now to Figs. 3A and 3B, a use of the present invention is 
illustrated. As Figs. 3 A, 3B show, a plurality of absorbent fibers 10" are placed in 
parallel relation, alone or along with other conventional fibers, to form an absorbent pad 
30 that may be used as a sanitary napkin, adult diaper, or anything of the like. As 

20 illustrated, the absorbent pad 30 includes end pieces 32a, 32b, which attach to, and hold, 
the ends 34 of the fibers 10. Although not shown, the end pieces 34 may contain an 
absorbent material, such as cotton, to provide a reservoir for liquids absorbed by the 
absorbent fibers 10". The absorbent fibers 10" may be any of the constructions shown in 
Figs. 1 or 2 (2A-2H), and may be combined, if desired, with conventional material. 

25 The pad 30 may take on various shapes. For example, the pad may have 

less length than illustrated in Fig. 3, but contain more absorbent fibers for more width to 
make it a more rectangularly shaped pad. Alternatively, if the pad were to be used as, for 
example, a sanitary napkin or diaper construction, whether for children or adults, the pad 
may be constructed from longer fibers 10", making it a bit more elongate in shape and 

30 form. Affixed to the end pieces 32, either by sewing or by gluing or other affixation 
means, is one part of a hook and mate construction 38 (38a, 38b) such as Velcro brand 
material, allowing the pad 30 to be removably attached to under garments (which would 
contain the mating half of the elements 38). 



Also, the pad 30 would be preferably apertured along the lengths of the 
absorbent fibers 10", much like the apertures 18 in Fig. 1, to permit fluid flow to the 
interior of the absorbent fibers 10 M in the area 40 (shown in phantom) of the pad 30. 
Alternatively, the area 40 may include an ingress construction such as illustrated in Fig. 
5 2H, in which a portion of the fibers is cut away to permit ingress. Or, the fibers 

themselves may be of a weave such as shown in Fig. 2E with the weave being looser in 
the area that will be placed in juxtaposed relation to the fluid source. 

Figs. 4-6 show use of a number of absorbent fibers 42 to construct a thong- 
like panty 43 for use as a sanitary napkin or adult diaper. Fig. 4A, for example, shows the 

10 fibers 42, which may be of any of the constructions described above, attached at their 
terminus to a waistband 44. Preferably, the fibers 42 would be apertured along their 
length, either in the manner shown in Fig. 1, or Fig. 2H, at locations that will place them 
(the apertures) proximate the source of fluid. To extent the fluid absorbing capability of 
the panty 43, the waistband 44 may contain an absorbent material to entrain fluids 

15 transported thereto by the absorbent fibers 42. 

Fig. 5 A shows the absorbent filaments 10 gathered together by elements 
46, front and back, and its use as shown in Fig. 5B. 

Fig. 6A shows the panty 43 with the ends of the absorbent 42 terminating 
at an attachment element 46. The element 46, in turn, is connected to the waistband 44 by 

20 support fibers 48. The support fibers 48 may be constructed using any of the absorbent 
fibers constructions of Figs. 1 and 2, thereby providing a transport for fluid to the 
waistband 44. Use of the construction illustrated in Fig. 6A is then shown in Fig. 6B. 

As mentioned in connection with the discussion of Fig. 4 A, the waistband 
44 of the panty 43 shown in Figs. 4, 5, and/or 6 could itself serve as a reservoir for 

25 absorbed, entrained fluids. Thus, the absorbent fibers can be connected or otherwise 

affixed to the waistband 44 to provide fluid communication thereto for storage of fluids 
absorbed by the absorbent fibers 42. The waistband 44 itself could be a larger 
construction of that shown in Figs 4-6 in that it may have a fluid impervious outer shell 
that enclosed an absorbent material for entrainment of fluids conveyed thereto by the 

30 fibers 42. 

An advantage of the constructions illustrated in Figs. 4-6 is that they 
provide an absorbent article that is minimally noticed under clothing, yet with an 
extended storage capability particularly when the waistband 44 is part of the absorbing 
mechanism. 

9 



Figs. 7A-7D illustrate yet a further embodiment of the invention, using any 
of the absorbent fiber constructions illustrated in Figs. 1 and 2. As shown in Figs. 7 A and 
7B, an absorbent pad 60 is constructed using a plurality of the absorbent fibers 61 
contained in a cover 62. As Figs. 7A and 7B illustrate, the cover 62 is formed with flaps 
5 63 that close over the absorbent fibers 61 of the pad 60 to protect them. The flaps 63 may 
then be moved, as illustrated by the arrows A, A (Fig. 7A) and B, B (Fig. 7B), to expose 
the absorbent fibers 61 for use. Again, depending upon the use of the pad 60, the 
absorbent fibers 61 may be apertured at specific locations along their length, so that the 
pad 60 can be positioned to place the apertures of the fibers 61 proximate the source of 

10 fluid (e.g., wound, or other bodily opening or orifice). 

Figs. 7C and 7D show pad construction 60 further including front and rear 
elements 66 so that the pad 60 may be used as a sanitary napkin or diaper. In Fig. 7C, the 
terminal portions 67 of the elements 66 may form an affixation means 67 to allow the pad 
60 to be attached and worn with and undergarment. Alternatively, the terminal portions 

1 5 67 may be formed to attach to or form a part of a waistband 68 (Fig. 7D) for wear. 

If the pad 60 is to be worn with underwear, the cover 62 operates to protect 
the underwear by being positioned between the underwear and the absorbent fibers 61. In 
addition, the flaps 62 may be folded beneath the main body of the construction 60, 
capturing a bottom portion of the undergarment 66 to hold the construction 60 in place. 

20 Further, the elements 66, including the waistband 68, could themselves 

include absorbent fibers, having substantially the same construction as the absorbent 
fibers 61, and in fluid communication with the fibers 61, to provide additional reservoir 
capacity for absorbed fluids. The fibers making up this additional reservoir would be 
formed from fibers as shown in Fig. 1, with a liquid impervious shell or outer 

25 construction to entrain the fluid it receives yet remain dry outside. 

Figs. 8 A and 8B illustrate yet another use of the absorbent fiber of the 
present invention. Fig 8A shows use of the invention to construct an absorbent headband 
80, absorbent wrist bands 82, and an absorbent top 84. Preferably, the material used to 
construct the headband 80, wrist bands 82 and/or the top 84 is a woven fabric as shown in 

30 Fig. 8B using an of the absorbent fiber or absorbent composite fiber constructions 

illustrated in Figs. 1-2. The absorbent fibers used in the construction of the articles 80, 
82, 84 are preferably apertured appropriately along their lengths to permit ingress to the 
fiber of liquid (i.e., perspiration). Alternatively, the absorbent fibers used may be of the 
woven construction such as shown in Fig. 2e in which case the interstitial spaces between 

10 



the fibers of the weave provide the ingress. Also, the absorbent fibers used for the 
construction of the articles 80, 82, 84 may be interwoven by themselves, or with other, 
more conventional absorbent materials, such as cotton or wool. 

Figs. 9 A and 9B show ways of using the absorbent fiber of the present 
5 invention to form a reservoir, extending the absorbing capacity of an article. Fig. 9A 
illustrates an absorbent construction, such as a wound covering 96, which may be 
fabricated from conventional wound absorbing material, such as cotton. The wound 
covering 96 includes a peripheral adhesive 98 for affixing the wound covering 96 in place 
on a person (e.g., covering a wound). The adhesive material 98 also covers and holds the 

10 ends of absorbent fibers 100 constructed as described above that together form a fluid 
reservoir. The ends 102 open in a packed area 104 of the wound covering 96 so that 
fluids absorbed by the absorbent material of the wound covering 96 are presented to the 
openings 102 where absorption into the absorbent fibers 100 by capillary action can 
occur. Fluids presented to the openings 102 can then be transported from the wound 

15 covering 96 for entrainment in a medium removed from the source of the fluids being 
absorbed. The absorbent fibers 100 may be of any length so as to comfortably fit to the 
user. For example, the absorbent fibers 100 might be of a length to extend around the 
waist of a person or partially around the waist of a person, or along their arm, etc., and be 
tied, taped, woven, or otherwise affixed to the body or clothing adjoining the wound or 

20 other area covered by the wound covering 96. Also, the absorbent fibers 100 can be 
removably attached to the wound covering 96 by various types of snap connectors. 

The structure of the absorbent article illustrated in Fig. 9 A may also be 
advantageously used by persons who have had an ostomy. The covering 96 can be 
modified to fit and the stoma to collect such discharges as may be encountered, 

25 depending upon the particular ostomy (e.g., a colostomy, ileostomy, or urostomy). The 
collected discharge can then be absorbed by the absorbent fibers 100, which acts as a 
reservoir (e.g. colostomy appliance). Alternately, the absorbent fibers 100 can operate as 
a conduit to transport the collected discharge from the covering 96 to a remote location 
where a larger reservoir may reside. 

30 Fig. 9B illustrates use of the reservoir concept in conjunction the sanitary 

napkin or adult diaper construction discussed above and shown in Figs. 4-6. As Fig. 9B 
shows, waistband 44 which holds absorbent fibers 42, connects at 44a to a set of 
absorbent fibers 106. The set of absorbent fibers 106 will, in turn, connect a reservoir 
108. As explained above, fluids absorbed by the absorbent fibers 42 of the sanitary 



napkin or adult diaper construction will, by capillary action, be transported to the 
waistband 44. From there, again by capillary action, the fluid will be absorbed into the 
set of absorbent fibers 106 for conveyance to the reservoir 108. The reservoir 108 may be 
a pad, sweater or other configuration, of any shape or length or construction, able to retain 

5 additional fluids. The 108 reservoir might be traditional absorbent material contained in a 
liquid impervious material, or it could be a garment or pad made of one or more of the 
composite absorbent fibers of the present. Figs. 9A and 9B illustrate, therefore how 
absorbent materials using composite fibers can be connected together to allow for 
movement and retention of fluids and containment of odors by a series of elements 

10 connected together by a variety of means as desired for the optimal configuration. The 
connection point 44a depicted between the waistband 44 and the set of absorbent fibers 
106 may be aided by the use of Velcro, tape, stitching, glue, string, or any other means of 
mating. The reservoir 108 be taped to the body, or connected to other garments, or can be 
wrapped around in full or partial configuration and secured by a string. 

15 Turning now to Figs 10-22, there are illustrated various constructions of 

tampons employing the composite absorbent fiber of the present invention. Referring 
first to Fig. 10, a tampon 1 10 is shown having an insertion component 112 and a reservoir 
portion 1 14 comprising a plurality of composite absorbent fibers 10 of the present 
invention. The insertion component may be made from conventional absorbent material 

20 or from composite absorbent fibers of the present invention, or it may be made of a 

combination of both. If made of the inventive composite absorbent fibers, the fibers are 
merely extended to form the reservoir section 1 14. Conversely, if the insertion 
component 112 is formed from conventional absorbent materials, the absorbent fibers 
making up the reservoir component 1 14 would attached to the insertion component at 1 15 

25 by any means so that the open ends of the absorbent fibers forming the reservoir 1 14 are 
positioned to absorb, by capillary action, fluids from the insertion component 112. 

However constructed, the reservoir component 112 would, of course, be 
positioned to hang loosely outside of the body of the user when the insertion component 
is in place. The reservoir component could then be folded to lie flat in a panty or similar 

30 article of clothing. Fluids absorbed by the insertion component 1 12 are transported to the 
reservoir component 1 14 for entertainment, thereby extending the period of time that the 
tampon 110 can be used without changing. 

Fig. 1 1 shows the tampon 1 10 with the absorbent fibers 1 14 of the 
reservoir component gathered and held together by stitching 1 16 to hold them in a 

12 



compact grouping. The particular means of affixing the absorbent fibers of the reservoir 
component may be by stitching, or a glue or tape method of attaching the fibers may be 
used, one to the next, in this case laterally, so as to form a desired grouping. Figs. 1 1 A- 
1 1C illustrated some of the groupings of fibers, which can be made when, viewed along 
5 the line A- A of Fig. 1 1 . Fig. 1 1 A, for example, shows grouping the absorbent fibers of 
the reservoir component in a single row, using single fibers, forming a relatively flat 
reservoir construction that will lie flat in a panty. Or, as Fig. 1 IB shows the absorbent 
fibers can be grouped as double fibers attached one to the next forming two rows of 
absorbent fibers. Fig. 1 1C illustrates yet another possible grouping, showing three rows 

10 of fibers. The particular shape and configuration of the reservoir 114 of the tampon can 
depend upon use, and such factors as how long the tampon will be used before changing. 
For example, in a hospital setting, the more bulky construction of the reservoir 1 14 shown 
in Fig. 11C may be preferred, whereas for use by someone more active, the construction 
shown in Fig. 1 1 A will be the one selected. 

15 Fig. 12 shows the tampon, here designated with the reference numeral 120, 

with the composite absorbent fibers forming the reservoir component 122 are interwoven 
to for a cross-hatch weave. The reservoir component 122 can be constructed solely of 
absorbent fibers of any of the composite absorbent fiber constructions described above, or 
it can be constructed by inter-weaving such composite absorbent fibers with conventional 

20 absorbent materials. Again, the reservoir component 122 may be provided with any of 
the cross-sectional shapes shown in Figs. 1 1, or any other cross-sectional shape. 

Fig 13 illustrates forming the reservoir component 122 of the tampon 120 
is a similar interwoven construction, but in a circular manner to gather the absorbent 
fibers to form such cross-sections as in Fig. 13 A, showing the composite absorbent fiber 

25 cluster. Figs. 13B and 13C show that the absorbent fibers forming the reservoir 124 can 
be arranged to define a hollow interior 123 or 125, respectively. Any of the 
configurations shown in Figs. 1 1, 12, or 13 may also be contained in an outer shroud of 
plastic or film for additional fluid and other retention. 

Finally, Fig. 14 shows the tampon, designated 130, having two ribbon 

30 shaped composite absorbent fibers 132. These are designed so as to redistribute, collect 
and retain discharges in a variety of means designed to adjust to body shape and size, and 
may optionally connect to underwear or panty liners or other garments. 

Figs 15-17 show additional tampon constructions 140, 150 and 160, 
respectively. Here, the insertion component of the tampon is made with composite 
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absorbent fibers, conventional materials, or a combination of the two. The construction 

of the tampon can be in a variety of cross-sectional shapes (Figs. 17B, .., 17L). Some 

shapes that the insertion components 142, 144, 146 of the tampons 140, 150, 160, 

respectively, can take include packed shapes (Fig. 17B), some hollow (Figs. 17C-17F), 
5 some round (Figs. 17B-17D), some square (Fig. 17E), some oval (Fig. 17F), and some 

rectangular (Figs. 17E and 17G), are shown. These designs provide a variance in 

absorbency and capillary effect. 

Fig. 15 shows a tampon 140 formed with individual composite absorbent 

fibers, which may take on any of the cross-sectional configurations shown in Figs. 17 J, 
10 17K, or 17L, or for that matter, and of the cross-section shown in Figs. 17B-17G. The 

particular cross-sectional configurations used, of course, also depend upon the anatomy 

with the tampon will be used. 

Fig. 16 shows a tampon 150 with the absorbent fibers interwove to form 

both the insertion component 152 and the reservoir 153. Alternatively, the insertion 
1 5 component may be only conventional absorbent woven material that attaches to the 

absorbent fibers of the present invention that make up the reservoir 153 of the tampon 

150 

The tampon 160 (Fig. 17 A) shows a tampon formed from a pair of 
columns 164 of composite absorbent fibers gathered by stitching or any other means to 
20 hold them together. The cross-sectional configurations of the tampon 160 are shown in 
Figs. 17J-17L. 

Turning now to Figs. 18 (Figs. 18A, 18B, 18F), there is illustrated yet 
another tampon construction incorporating the teachings of the present invention. Figs. 
18A-18C illustrate construction of the tampon. Fig. 18A shows a bundle 170 of 

25 absorbent fibers 168 constructed as described above. The absorbent fibers 168 are 

provided apertures proximate the center of their lengths as shown at 172. Then, as shown 
in Fig. 18B, a swath 174 of absorbent material, such as cotton, is wrapped around the 
absorbent fibers 168, covering the apertures 174. The absorbent fibers 168 are then bent 
in the direction of arrows D-D, as illustrated in Fig. 18C, and wrapped in an outer layer of 

30 material, excluding the absorbent material 178, forming the tampon construction 180 
illustrated in Figs. 18D-18F. Since the major effluent will be from the uterus, only the 
top portion of the tampon need be absorbent. There is no need to absorb fluids from the 
vagina walls, allowing a variety of selections of materials to be used as the wrap for the 
body 182 of the tampon 180. The absorbent fibers 168 form the tampon 180 operate to 



move vaginal discharge away from the head or absorbent area 174 of the tampon (Figs. 
18D-18F) and into the tampon body 182 where that discharge and its associated odors can 
be contained. 

Figs. 19A-19C show a further embodiment of the tampon 180 of Figs. 18, 
5 illustrating the addition and use of an insertion rod 184. The insertion rod 1 80 is used to 
aid in insertion of the portion 186 of the tampon 180. As Fig. 19B illustrates, the lower 
portion 187 of the tampon 180 can be parted to expose the end 185 of the rod for its 
removal by pulling on the rod in the direction of arrow E (Fig. 19C). Preferably, the 
tampons shown in Figs. 19A-19C are formed using any of the absorbent fiber 

10 constructions of Figs. 1-2 and with conventional absorbent materials. 

Figs. 20 (20A-20E) illustrates yet another tampon that is similar to the 
tampon construction of Figs. 18. As Fig. 20A shows, a tampon body 190 is formed by 
interweaving absorbent fibers of the invention - with or without conventional materials. 
The absorbent fibers of the body 190 are with apertures at 192 to permit fluid entry to the 

15 interior of the fibers. A swath of absorbent material 194 is constructed, and wrapped 
around the apertured portion of the length as shown in Fig, 20B. The length is then 
folded on itself, about the absorbent material 194, as shown in fig. 20C, to produce an 
absorbent edge (i.e., at the ring 194) for fluid absorption. The distal ends 194a, 194b of 
the tampon 190 can be flattened match the shape of underwear. Leaving the insertion 

20 component 196 (Fig. 20E) with a cross-section such as the one depicted in Fig. 20 F - 

viewed from cross-section A- A, of Fig. 20 E. The now flattened ends 190a, 190b may be 
fitted with fabric end caps 198 to close the absorbent fibers of the construction and 
forming the unique tampon construction 190 shown in Fig. 20E. The ends 190a, 190b of 
the tampon 190, now formed as illustrated in Fig. 20E, may be folded or attached to 

25 undergarments (e.g., panties or underwear). 

The constructions of the tampons shown in Figs. 1 8-20 may be extended 
as shown in Figs. 21 (21 A, 2 IB, 2 IE). Figs. 21 illustrated a tampon construction, 
designated generally with the reference numeral 200, in which the reservoir 'portion is 
split to form of the foldable pads 204a, 204b that depend from the insertion component 

30 202. In addition to extending the absorbency of the tampon 200, the reservoir formed by 
the flaps 204 also operate to first protect the insertion component 202 by forming a 
protective containment until the tampon 200 is used. Later, the insertion component can 
be wrapped again by the flaps 204 for sanitary disposal. Thus, Fig. 21B shows the 
tampon 200 packaged by being folded in the flaps 204 unwrapped as shown in Figs. 21 A 



and 21 C for insertion. After the tampon construction 200 is used, it may be refolded as 
shown in Figs. 21E and 21C. During use, the absorbent pads 204a, 204b can be deployed 
laterally, as shown in Fig. 21 A, or with both sides together, as in Fig. 2 IF. 

Turning now to Figs. 22 A and 22B, there is depicted a tampon 210 formed 
5 from any of the absorbent fibers of the present invention. The tampon 210 includes an 
insertion component 212 and a rather lengthy reservoir component 214. The insertion 
component, as explained above, can be fabricated from conventional absorbent materials, 
or combined with absorbent fibers of the present invention, or fabricated solely from 
absorbent fibers. The reservoir component 214, of course, preferably is fabricated from 

10 absorbent fibers of a length that operates to extend the absorbing capability of the 

insertion component 212. The reservoir component 214 is of a length that allows it, when 
the tampon construction 210 is used, to be wound around t leg L of the user as illustrated 
in Fig. 21B. A Velcro brand type of attachment element 216 may be used to hold the 
reservoir component in place. The tampon construction 210 is particularly suitable for 

15 use by an invalid patient. An indicator 216 (Fig. 2 IB), such as a urine strip or other type 
of monitoring device, can be used to show when the absorbing capacity of the tampon 
construction 210 is near full by indicating when the indicator 216 first is exposed to 
liquids. 

There has been disclosed herein an absorbent fiber construction capable of 
20 absorbing liquids by capillary action, and entraining the absorbed liquids to trap odors, 
and maintain a dry article. As should now be recognizable to those skilled in this art, the 
particular construction of the composite absorbent fiber of the present invention will 
allow its use with existing weaving and manufacturing techniques and technologies with 
little or no modification. Thus, the present invention can be adapted to present 
25 technologies to provide an absorbent article having greater absorbing capability than 
heretofore know. 

Fig. 23 A illustrates a composite absorbent fiber 229 having an outer "skin" 
230 of a highly absorbent material. The outer skin 230 covers an inner hollow element 
232 made from a denser, less absorbent material. Fluid can be absorbed by the outer skin 
30 230, transported to and through the inner element 232 to the hollow interior 234 thereof 
where it is transported by capillary action to a repository or reservoir. 

In an alternative to the hollow inner element 232, it could be solid; that is, 
the element 232 would be a rod-like absorbent material, denser and less absorbent than 
the outer skin 230, but still capable of transporting liquid. 
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Fig. 23B shows further embodiment of this concept, illustrating a 
composite absorbent fiber 239, having an outer skin 240 fabricated from a highly 
absorbent material, and encasing a solid rod or filament 242 of plastic, glass, or similar 
material. Here, liquids are again transported by capillary action by the filament 242. 
5 Fig. 24 illustrates placement of a sensor 250, such as a urine strip or other 

monitoring device - depending upon the particular liquid being absorbed - in the interior 
252 of an absorbent fiber 254 constructed according to the teachings of the present 
invention. The sensor 250 may then operate to change color, and thereby color the outer 
surface of the absorbent fiber 254 when encountering a liquid absorbed by the fiber. The 
10 color can provide information of a capacity of the fiber (and other absorbent fibers used 
in conjunction with the fiber 254). Alternatively, the sensor or monitor 90 can be an 
electronic chip or device that is wired (or wirelessly) connected to monitoring equipment 
to communicate information about the liquid the sensor encounters during use of the 
absorbent fiber 254. 

1 5 Fig. 25 illustrates a monitoring system for notifying a user when a 

designated moisture level is detected in accordance with an exemplary embodiment of the 
present invention. 

Among other components, the monitoring system comprises a sensor 300 
for detecting moisture, and an alert mechanism 304 for notifying a user when alert 

20 mechanism 304 senses the designated moisture level. As shown, the sensor 300 and alert 
mechanism 304 are communicably coupled by an electrically conductive wire 302. 

A user wishing to employ the present invention can include the monitoring 
system in absorbent fiber materials for use with various applications. As an example, the 
monitoring system can be included in absorbent fiber materials used to manufacture smart 

25 bandages. Such smart bandages typically contain silicon sensors for identifying different 
types of bacteria. The sensor 300 of the monitoring system can be independently 
employed or combined with such bacteria detection sensors to perform both moisture 
detection and bacteria detection functions. 

The user begins by designating a moisture detection level. This moisture 

30 detection level can be set by manipulating a switch on the sensor 300 to select a desired 
level, for example. When the absorbent material has absorbed the designated amount of 
moisture, the sensor 300 sends a signal to the alert mechanism 304. In response, the alert 
mechanism 304 issues an audible sound notifying the user that the designated moisture 
level has been detected. The user can then take appropriate action such as replacing the 
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smart bandage with a new one or the like. While use of the monitoring system has been 
described with respect to smart bandages, one of ordinary skill in the art will realize the 
present invention has numerous other applications. For example, the present invention 
finds use in tampons, diapers, articles of clothing, etc. 
5 The sensor 300 can be any of a variety of moisture sensors known to those 

of ordinary skill in the arts, capable of generating sufficient electrical power to activate 
alert mechanism 304. In one embodiment, electrical power is generated by using 
chemicals in the sensor 300. These chemicals may be separated by thin membranes. 
When exposed to moisture, the chemicals generate the needed electrical potential to 

1 0 activate alert mechanism 304. 

In an alternate embodiment, the sensor 300 consists, in part, of chemicals, 
which when moist, produce a nontoxic gas to develop sufficient gas pressure to drive the 
alert mechanism 304. In this case, the electrically conductive wire 302 between the 
sensor and the alert mechanism 304 is replaced with a hollow tube sufficient to transfer 

15 the gas pressure from the sensor 300 to the alert mechanism 304. 

Alert mechanism 304 can use various ways to notify users that the 
requisite moisture level has been detected. One way is by producing audible sounds 
using one or more micro speakers, for example. Another way is through vibrations. Such 
vibrations could be produced by using pressure differences, or by using electrical motors, 

20 for example. Yet, another way is by using diodes and the like to emit light. Upon seeing 
the emitted light, the user becomes aware that the requisite moisture level has been 
reached. 

Fig. 26 illustrates an alternate embodiment of the monitoring system of 

Fig. 25. 

25 More specifically, as shown, a monitoring system 310 includes a power 

source 312 for independently providing power to the monitoring system components. 
These components include a sensor 314, an amplifier 316 and an alert mechanism 318 
connected to the power source 312 via lines, 324, 326, 328 respectively. 

A user can employ the monitoring system 3 10 in much the same fashion as 

30 described with reference to Fig. 25. The user attaches the monitoring system to an 

absorbent fiber material to monitor moisture levels. This absorbent fiber material may be 
a diaper, tampon, article of clothing, or the like. Upon detecting a designated moisture 
level, the sensor 314 generates and forwards a signal to an amplifier 316. The amplifier 
enhances the signal level and passes the signal to the alert mechanism 318, which then 
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produces an audible sound to notify the user. Alert mechanism 318 may include a 
controller (not shown) which activates the alert signal only if the signal from the amplifier 
is above a certain threshold level. 

In a further embodiment, sensor 314 can include an analyzer suitable for 
5 detecting threshold levels of chemical concentration in moisture. In the case of urine, for 
example, the sensor 314 can detect certain hormone levels associated with pregnancy in 
order to detect a pregnancy. 

Fig. 27 illustrates an alternate embodiment of the monitoring system of 

Fig. 25. 

10 More specifically, as shown in Fig. 27, multiple sensors are employed by a 

monitoring system 340 to enhance moisture detection. The monitoring system 340 
comprises sensors 344, 346, 348 coupled to an amplifier 350. In a first mode, the 
designated moisture level is based on signal averages for sensors 344, 346 and 348. 
Signals from each sensor are added and then divided by 3 for the present case. In an 

1 5 alternate mode, the designated moisture level is independently based on each signal 
received from each sensor. Each of the sensor signals are compared to the designated 
moisture level. 

In either case, the amplifier 350 receives and amplifies the signal(s) for 
forwarding to a programmable microprocessor 352. Not all signals need pass through 

20 the amplifier 350, only those signals too weak for the microprocessor 352 to properly 
process. Sufficiently strong signals are directly forwarded to the microprocessor 352. 
The programmable microprocessor 352 can analyze and compare sensor signals with 
programmed parameters to determine if one or more alerts should be activated. If so, the 
microprocessor 352 sends a signal to the alert mechanism 354 to notify a user. 

25 The alert mechanism 354 can be an alert mechanism, e.g., an audible 

sound generator, or a vibration generator. Or, it may be used for communicating with a 
monitor component 380, in which case the alert mechanism 354 is an RF transmitter, an 
ultra-sonic transmitter, an optical signal generator, or the like. The monitor component 
380 can be an electromagnetic medium for the transmission of electromagnetic waves, or 

30 it can be used over the air to transmit sound waves, or it can be fiber optics cables for the 
transmission of light signals, etc. 

The monitor component 380 includes a receiver component (not shown) 
suitable for receiving the signals transmitted by the alert mechanism 354, and a device 
(not shown) for indicating to a person the nature of the alert. The monitor component 380 
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may be an LCD display, an alarm, or the like. Further, the monitor component can be 
used in a wrist watch, eye glasses, hearing aids, personal pagers, or cell phones, or may 
be a self contained module which acts only to display alerts from the alert mechanism 
354. 

5 Fig. 28 illustrates placement of a monitoring system in an absorbent fiber 

material 394 according to an embodiment of the present invention. 

As shown, a monitoring system 390 includes a moisture sensor 396. A 
user inserts this sensor into an absorbent fiber material 394 used to absorb moisture. The 
absorbent fiber material 394 includes a covered portion 397 encased by a moisture- 

10 impermeable cylinder 392, and an exposed portion 395 that is exposed to moisture. The 
exposed portion 395 functions to absorb moisture by capillary action or the like. 
Moisture is absorbed from the exposed portion 395 to the covered portion 397 within the 
moisture impermeable cylinder 392. As the name suggests, the moisture impermeable 
cylinder prevents escapement of moisture and attendant odors once the moisture has been 

1 5 drawn to the covered portion 397 within the moisture impermeable cylinder. 

More specifically, as shown, the user inserts the moisture sensor 396 
within the covered portion 397 of the absorbent fiber material. At this position, the 
moisture sensor 396 can detect a moisture threshold level designated by the user. 

Various uses of the monitoring system are applicable. As an example, the 

20 monitoring system can be used with a diaper constructed from the absorbent fiber 

material 394 of the present invention. In the case of an infant, the absorbent material 394 
draws urine or wetness by capillary action. When a designated moisture level is detected 
by the moisture sensor 396 (i.e., a moisture level that indicates wetness), a signal is sent 
to a sound-generating device 399. Sound-generating device 399 then issues an audible 

25 sound to notify the infant's parents that wetness has occurred. The parent can then take 
appropriate action to replace the wet diaper with a new one. 

The sensor 396 is connected via line 400 to an alert patch 398 which may 
be woven into or otherwise attached to an article of clothing. The line 400 fnay be 
electrical wires connected to an audible sound generating device 399 constructed in the 

30 patch 398. The entire assembly 390 may be woven or otherwise manufactured into, e.g. 
diapers or other articles of clothing. Signals or information generated by the sensor can 
be transferred via wireless or other like communication to external devices. 

One aspect of the present invention provides sensing apparatus, or 
mechanism, to detect the presence, amount, type and other characteristics of a liquid 

20 



absorbed by the absorbent fiber of the present invention. In general, any type of sensing 
mechanism can be used. A few different approaches are described in the following 
paragraphs. 

Figs. 29a-c illustrate the use of a capillary material to detect liquid. 
5 In Fig. 29a, capillary material 504 is any type of material that increases in 

size, e.g., by swelling, when a liquid contacts the material. Capillary material 504 is 
placed between base 506 and arm 502. Both the base and arm are electrically conductive 
materials, such as metal, semiconductor, elastomeric conductor, etc. Base 506 is 
relatively rigid while arm 502 is flexible so that when a liquid, such as a drop of water as 

10 illustrated in Fig. 29b, contacts the capillary material, the capillary material increases in 
size to push the arm away from the base, as shown in Fig. 29c. 

Attached to the base and arm are two conductors shown at 508 in Fig. 29a. 
Arm 502 and base 506 are electrically insulated from each other, as are the signals 
propagated along wires 508. Circuitry represented by circuitry 5 1 0 can be used to 

1 5 generate a signal in response to a measured property such as conductivity, capacitance, 
weight, etc. based on a change in the volume of liquid absorption of capillary material 
504. Circuitry 510 outputs the signal to, e.g., meter 512 so that an indication of the 
characteristics of the liquid in contact with capillary material 504 can be indicated. Note 
that any type of indication can be used rather than a meter movement. Indications can be 

20 visual, audible, tactile, etc. The indications can be processed locally to the sensing 
device, or remotely. Signals transferred in Fig. 29a by wires at 508 can also be 
transmitted to near or far locations for purposes of, e.g., data logging, monitoring, 
processing, remote notification, etc. 

Figs. 30a-c illustrate another approach to indicating the characteristics of a 

25 liquid in the present invention. In Fig. 30a, fiber 520 is provided with instances of 

substance 522 impregnated onto the surface of the fiber. Wetting of the substance can 
cause a change, for example, a visual color change, that can be detected by a human or 
electrical or mechanical apparatus. The change can be a one-time change silch as where 
the substance dissolves, or is destroyed in order for a color change on the fiber to occur. 

30 This is shown as a sequence of steps in Figs. 30a-c. In Fig. 30b, a drop of water is shown 
about to contact the material. In Fig. 30c, the material has been dissolved with the drop 
of water to result in a color change to the fiber. Another approach is to use a material that 
is restored to its original state after the material has been dried out. 
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Figs. 31a-c illustrate the use of receptor molecules 530 attached to a 
surface of fiber 532. In Fig. 31b, target molecules, which can be from any type of liquid 
or chemical, are shown passing near receptor molecule 530. As a result, Fig. 31c shows 
the attachment of the target molecules to the receptor molecules. After attachment, the 
5 chemical, or physical properties of the receptor/target combination can be used to create a 
change in the property of the fiber, or in the vicinity of the fiber, that can be detected. 

Another approach is to use a capillary fiber such as those described in the 
present invention, wherein the capillary fiber is a hollow tube that includes a material in 
its interior that is affected in a detectable way by the presence of a liquid. For example, 
10 an interior material can change color, emit a gas, cause an increase in volume, or a change 
in other physical properties that can be detected. 

By using the fibers of the present invention, certain advantages to the 
design of liquid sensors are possible. For example, since the fibers of the present 
invention provide a directable, linear flow of liquid, the liquid can be made to accumulate 
15 in an area adjacent to a sensor. This can provide more sensitivity to the sensor since the 
sensor is subjected to a larger volume of liquid. The sensor can be placed adjacent to the 
fibers and the fibers can channel the liquid to the sensor rather than requiring the 
placement of sensors inside of one or more fibers. 

Since the fibers of the present invention include an impermeable exterior, 
20 it is possible to use chemicals within the fibers that could not normally be used where, 
e.g., unwanted contact of the chemicals with human skin must be avoided. 

While a full and complete disclosure of the invention has been made, it 
will be apparent to those skilled in this art that various alternate modifications can be 
made without departing from the scope and content of the invention as defined in the 
25 claims. 
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